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PROMULGATION INFORMATION (U)

(U) This manual is issued for the information and guidance of EOD personnel. It has
been prepared by the Department of the Navy in carrying out i1ts responsibilities
perJoint Service Regulation AR 75-14/0PNAVINST 8027.1/AFJ1 32-3002/MCO 8027.1

(U) Distribution of this document shall normally be limited to organizations assigned
graduates of the U.S. Naval School, Explosive Ordnance Disposal. Foreign release of
this document, or any portion thereof, shall require authorization from the Navy
International Programs Office (IPO-11A), Arlington, VA 22202-1111, with an
information copy of the request to Commanding Officer, Naval Explosive Ordnance
Technology Division (AC-9), 2008 Stump Neck Road, Indian Head, MD 20640-5070.
Requests by civil authorities or individuals for release of this document should be
forwarded to Commanding Officer, Naval Explosive Ordnance Disposal Technology
Division (Code 60), 2008 Stump Neck Road, Indian Head, MD 20640-5070.

(U) Errors i1n the EODB or recommendations for i1ts improvement by Navy units shall be
submitted in accordance with NAVEODFLTLAU Publication Note 1-99.

(U) Errors in this EODB or recommendations for its improvement by Marine units should
be submitted to the Officer-In-Charge, Marine Corps Detachment, 2008 Stump Neck Road,
Indian Head, MD 20640-5098, in accordance with MCO 3571.2.

(U) Reports of errors, omissions, and recommendations by Army units for improving
this TM by the individual user are encouraged. Reports should be submitted on DA
Form 2028, Recommended Changes to Publications, and forwarded directly to Commander,
U.S. Army Technical Detachment, 2008 Stump Neck Road, Indian Head, MD 20640-5096.

(U) Recommended changes, additions, or deletions by Air Force units to this T.0.
shall be submitted In accordance with T.0. 00-5-1 to Commander, Detachment 63, 2008
Stump Neck Road, Indian Head, MD 20640-5099.

(U) Published under authority of the Secretaries of the Army, Navy, and Air Force.

Prepared by the Naval Explosive Ordnance Disposal Technology Division, 2008 Stump
Neck Road, Indian Head, MD 20640-5070.
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SAFETY SUMMARY
WARNINGS

Be aware that non-case fragments (rogue fragments) such as nose plugs, suspension
lugs, strongbacks, and baseplates, may be projected to distances greater than 10,000
feet (3,048 meters). These distances are normally greater than the primary fragment
dispersal range.

Increase the fragmentation distance ranges by 33 percent when intentionally disposing
of ammunition and explosives placed in stacks or piles. Detonation of munitions in
stacks can project fragments to greater distances than detonation of multiple items
arranged in a side-by-side orientation.

Increase the fragmentation distance ranges by 33 percent when explosive ordnance
items are stacked or haphazardly piled up as a result of an accident/incident.
Detonation of munitions in stacks can project fragment ranges to greater distances
than for detonation of multiple i1tems arranged In a side-by-side orientation.

Ensure that all personnel located at the Hazardous Fragmentation Distance Range are
afforded adequate frontal and overhead protection against explosion effects. At this
distance, personnel remaining iIn the open may incur injury or death from being struck
by a hazardous fragment(s). Risks associated with explosion effects iIncrease for
distances closer than the hazardous fragmentation distance range.

Ensure personnel are advised to remain away from exterior windows when located at the
Hazardous Fragmentation Distance Range. Flying and/or falling glass hazards are
expected at this distance range.
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Use caution when marking a buried UXO when the type-by-function is in gquestion and/or
its depth is questionable. Driving a stake or similar holding device into the
surface at the point over the estimated location of a buried UXO could initiate
sensitive fuzing or impact the UXO itself causing it to detonate.

CHAPTER 1. INTRODUCTION.

1-1. PURPOSE. This manual provides EOD personnel with methodologies to manage risks
associated with the explosion effects of ammunition and explosives (AE) by providing
minimal protection criteria to minimize serious injury, loss of life, and damage to
property. It is applicable to associated DOD personnel and property, and to
unrelated personnel and property (public) exposed to the potential damaging effects
of an incident or accident involving AE during the development, manufacturing,
testing, transportation, handling, storage, maintenance, demilitarization, and
disposal. This manual includes minimal safety standards established by the
Department of Defense Explosive Safety Board (DDESB) 6055.9-STD; greater protection
should be provided whenever feasible. For the purposes of this manual, AE includes
all categories of explosive ordnance, unexploded ordnance (UXO), and improvised
explosive devices (IEDs) to include large improvised explosive devices (LIED) and
large vehicle borne improvised explosive devices (LVBIEDS).

1-2. SCOPE.

a. Chapter 2 of this manual describes basic explosion phenomena relationship to
personnel and material. Primary subject matter includes blast overpressure, and
fragmentation descriptions to include buried explosion effects in relation to debris
throw and flyrock hazards.

b. Chapter 3 of this manual establishes procedures and methods to determine minimal
quantity distance ranges (QDRs) (withdrawal distances) for essential and nonessential
personnel/public. Subject areas include QDR description, determinations, procedures
and methods for the protection against explosion effects. Methods to determine a
potential flyrock event and QDRs are also provided. Mitigation and protective
measures to reduce explosion effects are also provided.

c. The final portion of this manual provides additional resource information,
terminology and definitions, and incident examples.

1-3. SPECIFIC SUMMARY OF CHANGES.
NOTE

This manual has undergone a major revision to adopt new methodologies to determine
minimal protective measures for the protection against explosion effects. EOD
personnel are strongly encouraged to review the entire manual and conduct training
exercises in order to become familiar with its contents. Training and exercises will
eliminate confusion for a real-time scenario. The following is a brief summary of
material changes:

a. New warnings have been added to the Safety Summary and include subject matter as

For Official Use Only ; ,
age



For Official Use Only

follows:
(1) Rogue fragments.

(2) Increase primary fragment withdrawal distances for AE configured in stacks or
piles.

(3) Explosion related risks associated with the Hazardous Fragmentation Distance
Range (HFDR).

b. Chapter 2 has been expanded to include basic explosion phenomena and its effects
to personnel and material. The following iIs a list of new subjects added:

(1) Blast load categories.
(2) Effects of reflected blast waves.
(3) Overpressure effects to personnel and material or structures.

c. Chapter 3 i1s an entirely new chapter that includes methods to determine
protective measures for personnel and material or structures. New Information
includes:

(1) Performance of a risk and decision analysis for AE involved in an incident or
accident.

(2) Methods to determine the amount of explosives involved, known as the Net
Explosive Weight Quantity Distance or NEWQD.

(3) Guidelines to determine the type and quantity of explosive material by Hazard
Division class.

(4) Methods, either by tables provided or equation, to determine the Blast
Overpressure Distance Range (BODR).

(5) New fragmentation withdrawal distance known as Hazardous Fragmentation Distance
Range (HFDR) and how to determine i1t by the diameter of an elongated cylindrical
ordnance shape or by the net explosive weight of the subject item of concern.
Distance may be derived by tables provided or by equation work.

(6) New fragmentation withdrawal distance known as the Maximum Fragmentation Distance
Range (MFDR) and how to determine it by the diameter of an elongated cylindrical
ordnance shape or by the net explosive weight of the subject item of concern.
Distances may be derived by tables provided or by equation work.

(7) New criteria to determine which circumstances, and when and to whom the new blast
and/or fragmentation distance ranges apply.

(8) New withdrawal distances derived from table provided, for debris throw for a
buried AE item.
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(9) New information regarding how to determine a potential flyrock event, and
withdrawal distance for a potential flyrock event for AE located within caves or
tunnels.

(10) Revised as well as new information regarding methods to mitigate and/or protect
against explosion effects.

d. Addition of three appendices that include:

(1) Guidelines to determine the explosive content of an unknown item for the purposes
of establishing withdrawal distances.

(2) Terminology and definitions of new specific terms used In the manual.

(3) New examples designed to provide a methodical approach of how to derive blast
overpressure and fragmentation distance ranges.

CHAPTER 2. DESCRIPTION.
2-1. BLAST WAVE PHENOMENA.

a. Blast Wave Effects. When a detonation occurs involving AE, such as those defined
as mass detonating and mass detonating fragment-producing, a violent release of
energy creates a sudden and intense pressure disturbance known as the shock front or
blast wave. The blast wave (a thin layer of compressed air about 0.00001-inch thick)
is characterized by an almost instantaneous rise from ambient pressure to a peak
incident pressure. This pressure increase or shock front, travels radially outward
from the detonation point, with a diminishing velocity that is always in excess of
the speed of sound i1n that medium. Gas molecules or blast wind, immediately behind
the front, moves at lower velocities, but still at super-hurricane force velocity.
This velocity, which is called the particle velocity, iIs associated with the dynamic
pressure or the pressure formed by the winds produced by the shock wave. As the
blast wave expands into increasingly larger volumes of medium, the incident pressure
decreases and the duration of the pressure-pulse iIncreases. As the blast wave
decays, it degenerates into an acoustic wave. At these lower values, the airflow
then reverses direction. Eventually, the pressure, density, and temperature return
to normal.

b. Blast wave time record. At any point away from the detonation, the pressure
disturbance has the shape shown in figure 2-1. The shock front arrives at a given
location arrival time and, after the rise to the peak incident pressure value, the
incident pressure decays to the ambient pressure value, thus the positive phase
duration. Following is the negative phase duration which is usually much longer that
the positive phase. The negative phase i1s characterized by a negative pressure as
well as particle flow reversal.

c. Overpressure effects. Representative physical effects of a typical blast wave
are shown in figure 2-2. At Time A, the atmosphere is undisturbed. Time B 1is
immediately after the shock wave and blast winds have impacted an exposure. The
blast wave effects then decrease until the pressure reaches atmospheric pressure;
afterward is a slight negative phase at Time C along with a reverse blast wind. Time
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D 1s after the blast wave subsides.

d. Duration. Time duration of the blast wave is one aspect of its ability to cause
damage since the damage inflicted depends in part on how long the damaging forces are
applied. Since the positive phase of the blast wave is the more damaging one, the
duration of this phase can be measured more precisely. The positive pressure
duration can be taken as an index of the time duration for the entire blast wave
system even though ordinarily the negative phase seems to last about twice as long as
the positive phase.

e. Impulse. Impulse is defined as the product of force application and the duration
of the application. Impulse Is an important aspect of damage-causing ability of the
blast overpressure, and may become a controlling item for some situations. The
significant portion of blast impulse is that associated with the positive phase.

2-2. BLAST LOAD CATEGORIES. Blast loads on structures can be categorized as
unconfined or confined and can be subdivided based on the blast loading produced
within the donor structure or acting on acceptor structures.

a. Unconfined Explosions. Unconfined explosions are subcategorized into the
following:

(1) Free-Air Burst Explosion. A free-air burst explosion figure 2-3 occurs in
free-air adjacent to and above a structure so that no amplification of the incident
wave occurs between the explosive site and the structure. Pressure load 1s not
reflected as the iInitial output incident blast wave propagates away from the center
of the detonation. The blast wave impinges on the structure without intermediate
amplification. As the incident wave impinges the structure, the incident wave is
reflected. As the iIncident wave impinges on the ground surface, then the point of
initial contact is said to sustain the maximum normal reflected pressure and impulse.

(2) Air Burst Explosion. An air burst explosion figure 2-4 is produced by a
detonation that occurs above the ground surface so that the incident wave impinges
(reflects) off the ground surface prior to arrival at the structure. As the blast
wave continues to propagate outward along the ground surface, a front known as the
Mach front is formed by the interaction of the initial incident wave and the
reflected wave. The height of the Mach front increases as the wave propagates away
from the detonation site. The increase In height is referred to as the path of the
triple point and is formed by the intersection of the initial, reflected, and the
Mach front. When the height of the triple point exceeds the height of the structure,
a uniform pressure is applied. |If the height of the triple point does not extend
above the height of a multistory structure, the magnitude of the applied loads will
vary. Since the magnitude of pressures above the triple point are smaller than that
of the Mach front, the effect to the structure will likely have more damage and lower
levels.

(3) Surface Burst Explosion. A surface burst explosion figure 2-5 is a detonation at
or very near the ground surface. The incident wave is reflected and reinforced by
the ground surface to produce a reflected wave. Unlike an air burst detonation, the
reflective wave merges with the incident wave at the point of detonation forming a
single wave similar in nature to the Mach wave of an air burst detonation, but
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essentially hemispherical in shape. It should be noted that peak overpressures and
impulse by a detonation at or very near the ground surface are generally much greater
and cause more damage. As the reflected blast wave impinges a structure wall
face-on, the wave movement is brought to zero. The wave is reflected again, thus
pressure is again amplified. This amplification of the overpressure wave iIncreases
the pound-per-square-inch (psi) value by two or more over the original incident
overpressure.

b. Confined Explosions. When an explosion occurs within a structure, peak pressures
associated with the initial shock wave will be extremely high and will be amplified
by additional reflections within the structure. In addition, depending upon the
degree of confinement, the effects of the high temperatures and accumulation of
gaseous products produced by the chemical process involved in the explosion will
exert additional pressures and increase the load duration within the structure. The
combined effects will eventually destroy the structure unless the structure is
designed to sustain such effects. Openings such as windows and doors will fail,
allowing the pressure to spill over the surrounding ground reducing the magnitude and
duration of the internal pressures.

2-3. REFLECTED BLAST WAVE PHENOMENA.

a. When the shock wave impinges a rigid surface at an angle to the direction of the
wave propagation, a reflected pressure wave is instantly developed on the impinged
surface. The reflected pressure is a function of the incident pressure wave and the
angle formed between the rigid surface and the plane of the shock front. Depending
upon the ground surface composition (concrete versus soil), some energy may be
dissipated into the ground (ground cratering and ground shock) so only a partial
reflection and overpressure strengthening occurs. In addition, the reflected
incident wave may also be affected by irregular ground/terrain surfaces, atmospheric
conditions, and structures/objects to which it impinges as it travels outward. There
are three typical blast wave reflections.

(1) Normal reflection. Normal reflection figure 2-6 occurs when the shock wave
impinges face-on onto an unyielding surface.

(2) Oblique reflection. Oblique reflection figure 2-7 occurs when the shock wave
impinges with an angle between the plane of the shock front and the plane of the
reflecting surface. Oblique reflections from smaller angles are generally less
intense, but as the impinging incident wave angle increases, reflected pressures will
at least be double the iIncident pressure.

(3) Mach stem reflection. Mach stem formation figure 2-4 occurs when the detonation
occurs above the ground surface such as In an air burst explosion. The shock wave
impinges on the ground surface and propagates outward along the ground surface. At a
certain distance along the ground, the reflected wave combines with the incident wave
to form a third wave that has a vertical front at ground level. This third wave is
called the Mach wave or stem. The point where the three waves intersect is the
triple point. At the triple point where the incident wave is reinforced by the
reflected blast wave, both peak pressure and impulse pressure are at the maximum;
each 1s considerably higher in value than the original blast wave at the same
distance from the point of detonation.
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b. Focusing Conditions. Blast waves are also enhanced or focused by confinement.
For example, a blast wave traveling through a tunnel, corridor, trench or even a city
street, decreases iIn intensity slower than iIf In the open. |If a bomb detonates in a
building, there i1s considerable blast wave reflection even i1f the walls are
demolished. Underground and underwater blast effects of a detonation are more
comparable with open-air effects than those under confinement. Weak blast waves
resembling sound waves are influenced to some degree by factors that influence
ordinary sound waves. One example is the effect of an atmospheric iInversion;
atmospheric temperature and associated speeds of sound are higher at moderate
elevations than they are near the surface. This can deflect a weak blast wave and
redirect i1t downward towards the surface, just as It can redirect a sound wave back
toward the surface. This effect could enhance the blast wave several times.

2-4. BLAST RELATED EFFECTS TO PERSONNEL, MATERIAL, AND STRUCTURES.

a. Scaled Distance. Scaled distance, otherwise known as a K-factor, is a
multiplication factor generally used to determine distance from the explosion site to
a particular exposure of concern. Overpressure effects scale or vary as a function
of the separation distance between the detonation site and an exposure. For example,
the overpressure value will vary as i1t travels away from the initial point of the
explosion. A withdrawal distance derived using a specific K-factor will equate to a
defined effect, such as a pound-per-square inch value for overpressure value at that
distance regardless of the amount of explosives involved. In English units the
K-factor is shown as K for distance in feet, followed by a number value. In Metric
units, K-factor followed by a number value is shown as K(m) for distance iIn meters.
IT a separation distance from a detonation site iIs known, and the amount of
explosives i1s also known, a K-factor at that distance can be calculated by dividing
the distance by the cube root of the amount of explosive involved. Table 2-1 lists
K-factors and corresponding overpressure values.

b. Personnel Effects.

(1) Human Blast Tolerance. It has been shown that human blast tolerance varies with
both the magnitude of the shock pressure and the shock duration, i.e., the pressure
tolerance for short duration peak blast pressure (3-5 milliseconds) is significantly
higher than for long-duration impulse blast pressure (above 50 milliseconds).
Thresholds for lung damage and lethality are a function of both pressure and impulse.
At the same distance, overpressures will be the same but impulses will vary with the
charge weight.

NOTE

Lung damage and lethality are a function of both incident overpressure and positive
phase impulse. At a particular distance (and corresponding K-factor), incident
overpressures will be the same, but positive phase iImpulses will vary with the charge
weight. Thus, to determine the percent level of lung damage or lethality, the charge
weight must first be estimated or known, and then a calculation must be performed on
a case-by-case basis.

Damage is most marked in the air-containing tissue of the body: the eardrums, the
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sinuses and the lungs; nearby soft tissue is especially sensitive to blast damage.
Lung damage resulting in "air"™ bubbles reaching general circulation, including
vessels of the heart and brain, is the most dangerous and is usually fatal within a
few minutes. Suffocation from lung hemorrhage and edema accompanied by heart failure
can occur early. Bruising of the heart, liver, spleen, and abdominal organs, along
with areas of hemorrhage and rupturing of hollow organs can occur. The orientation of
a person standing, sitting, prone, face-on or side-on to the blast pressure as well
as the shape of the pressure front (fast or long duration rise) are significant
factors i1n the amount of injury sustained. All personnel protection must limit blast
overpressure to 2.3 pounds-per-square inch. This would equate to a scaled distance
K-factor of 24. At this overpressure, injury or lethality in relation to the lungs
or other major body organs, need not be considered. Whenever possible, it is
recommended that all nonessential personnel not be exposed to blast overpressure iIn
excess of 0.066 pounds-per-square inch (psi) (0.45 kilopascal (kPa), equivalent to a
scaled distance of K328 (K(m) 130.1). This is also the preferred exposure level for
essential personnel when exposed in the open.

(2) Table 2-2 lists effects to unprotected ears due to blast overpressure. As noted
in the Table 2-1, sound overpressures are much greater to unprotected ears.

c. Material and Structural Effects.

(1) The damage to a structure is a function of the magnitude of the detonation, the
location of the potential explosive site relative to the structure, the shape of the
structure, and the structure construction. An additional consideration is the
structure orientation with respect to the detonation and the ground surface (above,
flush with, or below ground).

(2) Conventional structures are generally designed to withstand roof-snow loads of 50
pounds per-square-foot, or winds loads up to 90 miles-per-hour or both. A 90
mile-per-hour wind load equates to about 0.14 pounds-per-square-inch (PS1). This
woulld equate to a scaled distance K-factor of about 197. Pressure related damaging
effects to conventional structures at this scaled distance would likely be minimal.
Table 2-3(Sheet 1), (Sheet 2) lists expected overpressure effects to select material
and structures.

(3) When a shock front strikes a wall of a structure, the blast wave pressure 1is
amplified. Windows and doors will fail almost immediately (approximately 1
millisecond) after the onset of the shock front unless they are designed to resist
the applied overpressure loads. This sudden release of high pressure will cause a
shock front to form inside of each opening. Each individual front will expand and
tend to combine Into a single front that will further expand throughout the
structure™s interior. This interior shock is initially weaker than the incident
pressure at the building®s exterior. However, the iInterior pressure will tend to get
stronger due to reflections off interior building walls and components. As the
exterior blast wave continues forward movement, it diffracts around and engulfs the
structure with the resulting pressure on the front face of the building dropping
rapidly to the sum of the initial ground reflected incident wave overpressure. Blast
loading pressures on the side and rear walls of the structure are about equal to the
initial incident overpressure wave.
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(4) Ground Shock and Cratering. In an air burst explosion, there may be downward
propagation of ground shock, but cratering may be little or none. Ground shock from
the surface or slightly below the surface normally generates a crater with the
strongest ground shock. [If the explosion is deep enough, the formation of a
camouflet 1s likely.

2-5. FRAGMENT AND DEBRIS RELATED HAZARDS.

a. Primary Fragments. Primary fragments are from material that i1s in iIntimate
contact with explosive material. They are created from the shattering of
explosive-filled containers such as explosive ordnance, improvised explosive devices,
and other containers used in manufacturing or storing and shipping of explosive
materials. Primary fragments usually are small, initially traveling at thousands of
feet-per-second and may be lethal at long distances from the initial potential
explosive site.

b. Secondary Fragments. Secondary fragments are fragments produced by the impact of
primary fragments or air blast into the surrounding environment. These fragments are
generally larger in size than primary fragments and initially travel at hundreds of
feet-per-second. Secondary fragments are not generally dispersed to the maximum
ranges as are primary fragments.

c. Firebrand. Firebrand is a projected hot fragment, burning energetic material, or
burning debris whose thermal energy is transferred to the surroundings.

d. Glazing (Glass) Fragment Hazards. One of the most far-reaching fragment hazards
to personnel located inside buildings is from high-velocity window glass fragments.
Overpressure required to shatter a window in a building is a function of the
windowpane area and thickness, type of glass and mounting used, orientation of the
window with respect to the blast wave, flaws in the glass, and stresses introduced
when the glass was mounted into the frame. Table 2-4(Sheet 1), (Sheet 2) lists the
probability of flying glass hazard effects for select annealed windows. Other than a
no break incident, an increase In the seriousness of Injuries to personnel 1is
expected when they are positioned directly in-line to the effected window.

(1) Nature of Window Breakage. When a glass pane is dislodged from its mounting by a
blast wave, almost the entire exposed portion of the pane shatters Into numerous
fragments. The windowpane breaks and forms a cloud that expands in all directions as
it translates. The leading half of the cloud may be hemispherical in shape with a
significant number of larger fragments appearing to have their flat surface tangent
to the hemisphere. Fragments in the trailing half of the cloud may be in random
orientation before translating 7 feet. For a given overpressure, a larger windowpane
will produce larger fragments that tumble less than fragments from a smaller window.

(2) Annealed and Tempered Glass. Although many types of glass are produced, annealed
glass and tempered glass are the most common. Tempered glass is produced by heating,
then rapidly cooled. As a result, tempered glass is about four to five times
stronger than annealed glass. Tempered glass (which will produce small fragments)
will have relatively smooth edges when broken. Annealed glass, also called plate or
plain glass, is by far the most common material used for window glass. During the
manufacturing process, annealed glass is cooled slowly. Upon failure, annealed glass
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fractures i1Into razor-sharp, dagger-shaped fragments.

(3) Overpressure to Shatter Windows. Test results from large explosions have shown
that a face-on incident overpressure for a 50 percent probability of failure for
small to large surface area windowpanes is between 0.087 to .87 psi incident
overpressure respectively. Face-on overpressure effects are essentially the same as
side-on orientations. Fragment sizes tend to decrease with Increasing overpressure.

(4) Density of Glass Fragments. Fragment spatial density tends to be uniform equal
to the area of the window and decrease beyond this area. As the angle iIncreases to
about 20 degrees to the centerline axis of a window, the density of glass fragments
is approximately one-tenth of the density measured directly behind the window.

(5) Biological Effects Related to Flying Glass. Injury types normally associated
with Flying glass are skin lacerations (penetration to approximately 3 millimeters or
less), and penetration or puncture wounds (beyond 3 millimeters, but not penetrating
through the abdomen and thorax). Body-wall injuries include the penetration or
puncture of the thorax (18 millimeters for penetration between the ribs), and abdomen
(penetration of 12 millimeters) with major organ injury possible. Skull fracture
related injuries are related to the frontal (sinus area) of the skull. Expected
biological effects to personnel exposed to flying glass are shown in table 2-4(Sheet
1), (Sheet 2) under the flying glass hazard categories. Injuries increase with an
increase In overpressure and fragment velocity. The thickness of a fragment as well
as i1ts angle of iImpact i1s also the type of iInjury to be expected. At a given
overpressure, a larger fragment, for example a 100-gram fragment, can cause a more
serious injury than a l-gram fragment. This is also true for translation distance
ranges; heavier fragments will translate further than lighter fragments. Larger
fragments also tend to translate in a manner that will result In a point-on impact
rather than a random orientation impact that translates for lighter fragments. It
should be noted that wearing light clothing, personnel could reduce the chances of
injury from flying glass. Typical window draperies and blinds can also reduce
fragment velocities and translation distances.

(6) Falling Glass Hazard. Falling glass hazards are simply glass fragments falling
from some distance above, to the ground below. Falling glass can cause serious
injury or death depending upon the mass of the glass fragment, its impact
orientation, and the distance to target.The effects of a falling glass hazards may be
delayed long after the initial explosion. Windy conditions, secondary explosions, or
personnel movement about the post detonation site, may cause loose glass fragments to
fall. Large shards of glass have been known to fall and penetrate through the roofs
and Into the interior seats of standard automobiles that were located on the street
below the effected structure. This hazard could present itself at greater scaled
distances calculated for essential personnel and could extend Into nonessential
personnel evacuation distance ranges.

e. Buried Ordnance Debris. As a buried munition explodes, primary fragments
initially travel ahead of the overpressure blast wave through undisturbed soil before
escaping into the air. Depending upon soil composition and the depth of the AE,
primary fragment velocity is reduced and may stop movement prior to exiting the
ground surface. However if the explosion is relatively close to the surface, a
crater is formed. Large chunks of soil debris (secondary fragments) may be thrown
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from the center causing an earth debris ejection hazard. |If the ordnance is deep
enough, a camouflet is likely to be formed.

f. Fragment Dispersal from AE in Stacks or Piles. Fragmentation characteristics of
multiple i1tems that are oriented in stacks or piles are different than that for
single item detonation. Large fragments tend to be more numerous and velocities of
the leading fragments have been observed to be twice the value than for single item
detonations. Generally, items on the side and top of a stacked configuration
contribute to the greater size of fragments and further distance ranges.

g- Flyrock Hazards. When operations involve the demolition of AE cache located in
caves, caverns, or tunnels, a serious earth debris event known as flyrock is
possible. A flyrock event occurs when debris, primarily rocks and large chunks of
soil, are propelled from a demolition site by the force of the explosion. High
velocities and great throw ranges of flyrock may be caused by particle acceleration
resulting from escaping gases of the explosion and from spalling.

(1) Gas particle acceleration effects. Gas acceleration is considered to be most
dominant. When a rock mass contains weak zones, explosive gases will tend to escape
along these paths of least resistance and concentrated in particular directions.
Massive rock will tend to remain in large blocks that are loosened, while highly
fractured or loose rock will be thrown out at high velocities by the escaping gas.

(2) Spalling effects. Flyrock from spalling is usually the result of an explosive
detonation near the outside surface or interior wall between two or more chambers
within a cave or tunnel. Velocities of spall-accelerated flyrock can be greater than
that of gas-accelerated flyrock. Spall-accelerated anomalous flyrock can be thrown
to very great distances. These distances are usually much further than the
fragmentation distances for AE involved. Where a cave or tunnel has more than one
chamber used for storage of AE, a detonation in one chamber could cause high-velocity
spall flyrock to impact AE in another chamber causing it to detonate.

CHAPTER 3. PROCEDURES.

3-1. GENERAL. When AE is involved In an accident, incident, or a routine disposal
operation, protective measures for personnel and material assets must be determined
and implemented whenever possible against explosion effects. Explosion effects
include blast overpressure, primary and secondary fragmentation or debris from buried
ordnance explosion, earth shock, and heat flux from an explosion at the potential
explosive site (PES). In order to implement protective measures, an incident risk
and decision analysis should be conducted.

a. Incident Risk Analysis. In order to make decisions upon actions that will
determine the size and scope of protective measures required for a given incident, a
risk analysis should be performed. Information obtained from a thorough risk
analysis will be required to determine quantity distance ranges (QDRs) for essential
and nonessential personnel. The size and scope of the ES as well as the amount of
risk acceptable to the i1dentified exposures within the ES can then be established.
The following are some risk analysis size-up factors to consider.

(1) Ildentifying the type, amount, and condition of the AE involved.
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(2) Determining the nature of the accident/incident, or specific type of operation,
i.e., do the circumstances involve an intentional detonation or is there an
unacceptable risk that could cause an unintentional/accidental detonation.

(3) Determining what personnel are essential and those who are not for mission
accomplishment, (accomplished by an on-site authority).

(4) Determining the availability as well as the iIntegrity of protection
available/required for within the ES.

(5) Ildentifying the protective requirements such as structures/facilities or barriers
that offer protection against explosion effects for both essential and nonessential
personnel.

(6) Determining protective requirements for critical material or structure exposures.

(7) ldentifying any specific exposures that could result in an additional
catastrophic event if exposed to explosion effects.

(8) ldentifying any unacceptable procedures or operations that may result In an
unintentional detonation.

b. Incident Decision Analysis. Once a risk analysis has been accomplished,
decisions on actions can then be implemented. Actions normally will be based upon
exposures, potential losses, and control/protective measures to protect
personnel/public and material assets identified during initial risk analysis. The
following are some incident response action requirements.

(1) Establishment of an ES from the PES or an adjustment to a previously established
exclusionary area; plot QDRs to determine the ES, as well as distances from specific
exposures within the ES as required.

(2) Evacuation of essential and nonessential personnel to applicable
blast/fragmentation distance quantity distance ranges, or to structures/facilities
that will provide a defined level of protection against explosion effects.

(3) Implementation of mitigation techniques to limit explosion effects within the ES.

(4) Ildentification and implementation of control measures that reduce or eliminate
the unintentional/accidental initiation of the AE of concern.

(5) Ildentification and application of specialized EOD tools and/or techniques that
reduce or eliminate the chance of an unintentional/accidental detonation for the
incident at hand.

c. Net Explosive Weight Quantity Distance (NEWQD). The NEWQD expressed in English
or Metric units, is the high explosive weight (including the TNT equivalency if
known) of AE involved. Once determined, i1t is used to determine the blast and
fragmentation quantity distance ranges. The NEWQD is equal to the total net
explosive weight (NEW) for single, multiple like, or multiple mixed AE. |If the TNT
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equivalent is not known, the NEWQD is the sum of all the NEW involved. Whenever the
TNT equivalency is not known or is determined to be less than 1, minimal TNT
equivalency of 1 shall be used. Table 3-1(Sheet 1), (Sheet 2), (Sheet 3), (Sheet 4)
lists the TNT equivalency as well as the density for select explosives. Refer to
table 3-2(Sheet 1), (Sheet 2) for cube roots values based on the higher amount of the
explosive weight range given.

d. Guidelines for Determining the Type and Quantity of Explosives. To determine the
NEWQD, 1t is important whenever possible to determine the composition and amount of
explosive material involved. In addition, knowing the assigned hazard division (HD)
for the AE involved will aid in determining withdrawal distances. Refer to appendix
B for definitions of explosive classification divisions and compatibility groups.

(1) When in doubt as to what hazard division applies, consider the AE of concern as
HD 1.1.

(2) For HD 1.1, HD 1.2, or HD 1.5, the NEWQD is the sum of the net explosive weight
and the net propellant (solid or liquid) weight.

(3) For HD 1.3, HD 1.4, or HD 1.6, the NEWQD is the sum of the net explosive weight,
net propellant weight, and the total weight of pyrotechnics.

(4) Include disposal explosives into the NEWQD when applicable.
e. Guidelines for Determining the NEWQD for Mixed AE.

(1) When in doubt as to what hazard class applies for mixed AE, consider all i1tems of
concern as HD 1.1.

(2) For HD 1.1 or HD 1.5 AE mixed with any other HD, treat the mixture as HD 1.1.
Use not less than the TNT equivalent of the greater amount of high explosive to
determine the NEWQD.

(3) For HD 1.3, HD 1.4, or HD 1.6 AE with HD 1.1 demolition explosives, treat the
mixture as HD 1.1. Use not less than the TNT equivalent of the greater amount of
high explosive to determine the NEWQD.

(4) For HD 1.3, HD 1.4, or HD 1.6, treat the total mixture as HD 1.3.

f. NEWQD Exclusions. Munition fillers that do not contribute to explosive effects,
e.g., smokes, dyes, irritants, toxic chemical agents, white phosphorus (WP), and
plasticizied white phosphorus (PWP), are excluded when determining NEWQD. 1If for
example the munition of concern has a burster, use the net explosive weight of the
burster to determine the NEWQD.

g- Quantity Distance Range Calculations and Usage. Quantity distance range (QDR) is
the quantity of explosive material and the distance separation relationship that
provides defined levels of protection. The relationships are based on levels of risk
considered acceptable for specific exposures. The QDR for the blast overpressure
distance range (BODR) and determining critical cover thickness (CCT) for flyrock
concerns is also referred to as a scaled distance. The QDRs for fragmentation
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effects are referred to as the hazardous fragmentation distance range (HFDR) and the
maximum fragmentation distance range (MFDR). They are based on the primary and
secondary fragments from the PES to the population or traffic density of the ES.
Computing the QDR for an AE of concern will establish and/or adjust the ES, define
withdrawal distances for essential and nonessential personnel, and aid in predicting
the potential effects to structures and material within the ES.

h. Calculating the BODR. In English units, the formula iIs expressed as D=KW"1/3;
where D is the distance in feet, K is the constant multiplying factor for the effect
desired or assumed risk, and W*1/3 is the cube root of the NEWQD in pounds. When
metric units are used, the formula D(m)=K(m)Q"1/3; where D(m) is the distance iIn
meters, K(m) is the constant multiplying factor in metric units, and Q"1/3 i1s cube
root of the NEWQD in kilograms. The BODR i1s used in conjunction with the HFDR and
the MFDR to determine the greater QDR. BODRs are listed in tables 3-3(Sheet 1),
(Sheet 2), (Sheet 3), (Sheet 4) and Table 3-4(Sheet 1), (Sheet 2), (Sheet 3), (Sheet
4). Table 3-3(Sheet 1), (Sheet 2), (Sheet 3), (Sheet 4) lists the BODRs for unknown
items up to 18 inches in diameter, and are based on the relationship between an
estimated maximum explosive filler content for the listed diameter ranges.

NOTES

For simplicity from hereon, scaled distance equations, i1.e., K-factor to determine
blast overpressure or other distances, will be shown without the NEWQD"1/3 (cube root
of NEWQD). Therefore as an example, K50 means 50 times the cube root of the NEWQD.

It should be noted that the value of K in English units is approximately 2.52 times
greater in value as compared to metric units. The K value given in English or metric
units Is constant. In English units, K equates to pounds-per-square inch (psi); K(m)
(Metric units) equates to kilopascal (kPa).

Whille blast overpressure is proportional to the cube root of the net explosive
weight, fragmentation dispersal does not follow such a relationship. Therefore,
different methodologies are applied to determine the fragmentation QDRs.

i. Hazardous Fragmentation Distance Range. The HFDR is the minimum withdrawal
distance for protection from hazardous primary and secondary fragments from the
potential explosion site and the unprotected population and/or traffic density within
the exposed site. For single items, the HFDR does not require the calculation of
BODR since HFDR will be greater than corresponding minimum K50. For multiple items,
determine the BODR as required.

j- Maximum Fragmentation Distance Range. The MFDR is the range to which hazardous
primary and secondary fragments from the PES are not expected to travel beyond the ES
posing a threat to the personnel exposed in the open.

NOTE

Do not include fillers that do not contribute to explosive effects, e.g., smokes,
dyes, irritants, toxic chemical agents, white phosphorus (WP) and plasticizied white
phosphorus (PWP), when determining NEWQD. In such cases the NEW, e.g., burster
explosive weight, should be used to determine the HFDR and MFDR and not the outside
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diameter of the AE of concern.

(1) Determining the HFDR and MFDR by Diameter of AE. Fragmentation QDRs can be
determined by the diameter of an unknown or known munition that is either
cylindrical, e.g., projectiles or bombs, or a series of cylindrical items such as
submunition payload within a dispenser. The diameter of an elongated item is usually
taken at right angles to the longer axis. For multiple like or mixed items, use the
single 1tem with the greater diameter. The HFDR requires a minimum separation
distance of 328 feet (100 meters). The HFDR and MFDR are listed in Table 3-3(Sheet
1), (Sheet 2), (Sheet 3), (Sheet 4). |If comparing a known item in which the diameter
and the net explosive weight are known, but distance by diameter is determined
greater than by the net explosive weight, use the larger distance by diameter.

(2) Determining the HFDR and MFDR by Net Explosive Weight of AE. Fragmentation QDRs
may also be determined by the NEW of a munition which is also a valid method.
Although this method is equally applicable to cylindrical shaped items such as the
method by diameter, the NEW method is best suited to munitions that cannot be
reasonably considered as elongated cylindrical shapes. Examples would include
anti-tank/personnel landmines, fuzes, noncylindical 1EDs, and bare explosives. For
multiple like or mixed items, use the single i1tem containing the greater amount of
explosives. The HFDR requires a minimum separation distance of 328 feet (100
meters). Table 3-4(Sheet 1), (Sheet 2), (Sheet 3), (Sheet 4) lists the HFDR and MFDR
based on the higher explosive weight for the ranges given.

3-2. CRITERIA TO DETERMINE QDRS. Unless otherwise noted, the BODR, HFDR, and MFDR
are applicable to AE located on the surface in the open, or located in a structure or
vehicle that are incapable of stopping primary fragments. The criteria to determine
the applicable QDRs are normally scenario dependent, and generally require the
greater distance by the BODR and the HFDR or MFDR as applicable. These are the
minimal QDRs required for nonessential personnel. An event tree analysis shown iIn
figure 3-1 summarizes the criteria and applicable QDR relationship. Figure 3-2 shows
the relationship between the QDRs and the exposed site. QDRs do not consider for the
potential flight range of propulsion units and will require evaluation on a
case-by-case basis.

WARN INGS

Be aware that non-case fragments (rogue fragments) such as nose plugs, suspension
lugs, strongbacks, and baseplates, may be projected to distances greater than 10,000
feet (3,048 meters). These distances are normally greater than the primary fragment
dispersal range.

Increase the fragmentation distance ranges by 33 percent when intentionally disposing
of AE placed i1n stacks or piles. Detonation of munitions iIn stacks can project
fragments to greater distances than detonation of multiple items arranged in a
side-by-side orientation.

Increase the fragmentation distance ranges by 33 percent when explosive ordnance
items are stacked or haphazardly piled up as a result of an accident/incident.
Detonation of munitions in stacks can project fragment ranges to greater distances
than the detonation of multiple items arranged in a side-by-side orientation.
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Ensure that all personnel located at the Hazardous Fragmentation Distance Range are
afforded adequate frontal and overhead protection against the effects of the
explosion. At this distance, personnel remaining in the open may incur injury or
death from being struck by a hazardous fragment(s). Risks associated with explosion
effects increase for distances closer than the hazardous fragmentation distance
range.

Ensure personnel are advised to remain away from exterior windows when located at the
Hazardous Fragmentation Distance Range. Flying and/or falling glass hazards are
expected at this distance range.

NOTE

Protective measures that effectively suppress blast and fragment effects may be used
to reduce the BODR, HFDR, or MFDR.

a. QDRs for Unintentional/Accidental Detonations. Incident operations that do not
include the intentional detonation of the AE threat. Includes incident circumstances
or operational evolutions that do not present an unacceptable risk that may result in
an unintentional or accidental detonation of the AE threat. Includes operational
procedures, e.g., application of specialized EOD tools and/or techniques that beyond
a reasonable doubt, would not result in an unintentional detonation of the AE threat.
Applicable to HD 1.1, HD 1.2, or HD 1.5, or mixture of HD 1.1, HD 1.2, and HD 1.5
with any other HD.

(1) For nonessential personnel exposed In the open, use the greater of K50
(K(m)19.84) or the HFDR, with a minimum of 328 feet (100 meters). This distance
range i1s also recommended for essential personnel whenever possible.

(2) For essential personnel in the open, QDRs will be determined by an on-site
authority. A minimum of 328 feet (100 meters) withdrawal distance iIs recommended.

b. QDRs For Intentional/Anticipated Detonations. Incident operations that include
the intentional detonation of the AE threat. Includes circumstances or operational
evolutions that do present an unacceptable risk that may result in an unintentional
or accidental detonation of the AE threat. Includes operations, e.g., application of
specialized EOD tools and/or techniques that may result in an unintentional
detonation of the AE threat. Applicable to HD 1.1, HD 1.2, or HD 1.5, or mixture of
HD 1.1, HD 1.2, and HD 1.5 with any other HD.

(1) For AE involved in a fire, AE involvement is imminent, or if the fire is or may
become uncontrollable, use the emergency withdrawal distances listed in table 3-5 as
applicable for the HD involved. |If personnel cannot be moved to the maximum safety
distance range in a safe and timely manner, proceed to paragraph 3-2. b(4). For a
known amount of AE, the BODR, HFDR, or MFDR may be used to substitute withdrawal
distances listed in table 3-5.

(2) For essential and nonessential personnel exposed In the open, use the greater of
K328 (K(m)130.1 or the MFDR, with a minimum of 1,250 feet (381 meters).
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(3) For essential personnel with adequate frontal and overhead protection against
explosion effects, use the greater of K50 (K(m) 19.84) or the HFDR with a minimum of
328 feet (100 meters).

(4) Incident circumstances, e.g., Category A, that do not permit an orderly, safe, or
timely evacuation. Circumstances that pose an unreasonable risk to personnel/public
whille in the open attempting to evacuate to a maximum QDR. For
nonessential/essential personnel/public, use the greater of the K50 (K(m) 19.84) or
the HFDR, with a minimum of 328 feet (100 meters). At this distance range,
unstrengthend buildings, e.g., wood frame, steel siding, or standard masonry, are not
expected to sustain severe structural damage or collapse from blast overpressures.
However protection from fragmentation and flying/falling glass hazard effects will be
limited. |If personnel withdraw to take shelter within such structures at the HFDR,
they must remain away from exterior walls and glass windowpanes.

c. QDR Criteria for AE Configured in Stacks/Piles. For detonations involving stacks
of AE, or AE haphazardly piled up as a result of accident, the HFDR and MFDR must be

increased by 33 percent (multiply by 1.33). For multiple mixed items, evaluate each

munition separately and select the greater distance range provided by the single item
that has the greater diameter or the greater NEW content.

d. QDR Criteria for HD 1.3, HD 1.4 or HD 1.6 AE.

(1) Incidents or operations that do not include the intentional burning or
circumstances/operations that would not result in an unintentional/accidental
ignition.

(a) For nonessential personnel, refer to table 3-6 for minimal withdrawal distances.
(b) For essential personnel, to be determined by on-site authority.

(2) Incidents or operations that include the intentional burning or
circumstances/operations that may result in an unintentional/accidental ignition.
Includes operations, e.g., application of specialized EOD tools and/or techniques
that could result In an unintentional ignition of the AE of concern.

(a) For nonessential personnel, NEWQD of 450 pounds (204 kilograms) or less, use a
minimum of K50 (K(m) 19.84). For NEWQD greater than 450 pounds (204 kilograms), use
a minimum of HFDR as determined using the NEW method.

(b) For essential personnel, withdrawal distances will be determined by on-site
authority.

3-3. QDR CRITERIA FOR SINGLE BURIED ORDNANCE ITEM. Table 3-7(Sheet 1), (Sheet 2),
(Sheet 3), (Sheet 4), (Sheet 5) lists maximum debris and overpressure distances as a
function of the NEW at various burial depths. To avoid misidentifying a particular
soil composition, the debris and overpressure distances are based on a soil condition
that would require the greater maximum distance range. In addition, table 3-8(Sheet
1), (Sheet 2), (Sheet 3) lists QDRs for protection against ground shock for AE
located in an underground storage facility. Tables 3-8(Sheet 1), (Sheet 2), (Sheet
3) list distances to protect against ground shock for buried AE. There are three
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soil compositions listed to determine which distance range applies. Distances given
are minimal distances for protection against severe damage to residential/public
buildings.

3-4. QDR FOR FLYROCK INCIDENTS. When EOD operations involve the demolition of AE
located within a makeshift underground storage area such as a cave or tunnel, a risk
analysis should be conducted to determine if a flyrock event is likely. Size-up
factors would include the type and amount of AE involved, the relationship between
the PES and the overburden known as the critical cover thickness cover (CCT) for
potential surface breach, and withdrawal distance to establish an ES for an
anticipated flyrock event. There are four likely flyrock scenarios that may be
encountered.

a. The PES may be located within a shallow cavern or cave as shown in figure 3-3.
It is anticipated that since the CCT extends beyond the free face, flyrock dispersal
woulld likely originate from the free face area.

b. The PES may be within the deep cave/tunnel figure 3-4, but have a shallow ceiling
or wall resulting in the hilltop (bench) or si